TECHNICAL SPECIFICATION

FOR THE

FY ‘01 REPAIRS TO ELECTRICAL SYSTEMS EAST AND WEST AREAS, SCRAMJET
POWER SUPPLY, WP#4

PART 1 SCOPE

1.1 SYSTEM DESCRIPTION

The NASA Langley Research Center's Arc-Heated Scramjet Test
Facility, AHSTF, in building 1247B, is an electric arc-heated
facility with air as the test gas. The test flow from the arc-
heater and plenum chamber is expanded through a contoured nozzle
into the test section. Downstream of the test section, the flow
is diffused to subsonic velocity, cooled by an aftercooler, and
exhausted into a vacuum sphere. AHSTF is used for tests of
component integration models of airframe integrated scramjet
engines at conditions experienced at flight Mach numbers of 4.7 to

8. Results are used to assess the performance of the scramjet, to
optimize the design of the components, and to optimize fueling
schemes. Examples of scramjet engines tested in this facility are

the NASA 3-Strut, NASP SX-20, and the Hyper-X DFX engine.

The AHSTF has been in operation for scramjet testing since 1976.
The two existing power supplies and associated equipment and
controls are over 35 years old and require frequent maintenance.
Much of the equipment is no longer manufactured and replacement
parts are difficult to locate and expensive to replace. The
existing power system does not allow real-time variation of arc
power. During pre-operation procedures, operators set the power
supply taps, which determine the power current/voltage curve.
Duplicating test conditions usually require multiple attempts due
to the age of the equipment.

This Specification establishes the performance requirements to
provide the AHSTF with a new adjustable solid state Power Supply
system. System features are specified to improve the monitoring,
maintenance, production efficiency, and equipment life of the
Power Supply.

1.2 WORK INCLUDED

The Contractor shall provide a completely Designed, Furnished, and
Installed (DFI) Power Supply for the existing AHSTF. The
Contractor shall perform the Power Supply system replacement as a
"Turnkey" project, providing all materials, labor, and resources
to engineer, design, procure, fabricate, inspect, test, deliver,
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install, commission, and document the complete new Power Supply.
The work shall include the following, but is not limited to:

a.

Project management including management plans, schedules,
submittals, progress meetings, and progress reports.

Engineering and design including studies, calculations,
analyses, reviews, drawings, specifications, and test plans.

Replace existing 6.6kV feeder breaker (3085), existing
upstream air switch (3084), and existing interconnecting
overhead bus duct with new components to connect with the
new input isolation transformer.

Direct current supply feeder cable and feeder bus
modifications.

New protective relaying system interfacing with the existing
system distribution protection.

New input isolation transformer including terminations,
coils, tank core, conservator, cooling system, controls,
equipment grounding, and factory and site tests.

New harmonic filter network and power factor correction (if
required) including capacitors, inductors, isolation
switching devices, grounding switches, equipment grounding,
and factory and site tests.

Thyristor based, infinitely adjustable output, direct
current Power Supply, including disconnecting means,
grounding devices, cooling system, instrumentation,
controls, equipment grounding, and factory and site tests.

Trigger supply to initiate the plasma arc within the
existing arc heater.

Site construction including demolition of existing
equipment, modifications to existing equipment, and
installation of new Power Supply equipment and controls.

Power Supply commissioning; including component and

subsystem tests, integrated no load tests, arc-heater and
controls operational tests, and load tests.
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PART 2 APPLICABLE DOCUMENTS

2.1 STANDARDS

Work performed and materials furnished shall conform to the

following standards to the extent specified herein. The
publications shall be the most current issue as of the release
date of this solicitation. Refer to Attachment A, Construction

Specifications, for the mailing addresses of the standards
organizations.

Equivalent international standards may be used in lieu of the
standards specified only upon demonstration, by the Contractor,

that the standards are equivalent.

American National Standards Institute (ANSI):

ANSI C2 National Electrical Safety Code

American Society of Mechanical Engineers (ASME) :

ASME B31.3 Chemical Plant and Petroleum Refinery Piping

American Welding Society (AWS) :

AWS D1.1 Structural Welding Code-Steel

AWS D1.3 Structural Welding Code-Sheet Steel

Federal Specifications (FS):

FS 595, #16473 Colors

International Electrical Committee (IEC):

IEC 146 General Requirements for Semiconductor Converters

Institute of Electrical and Electronics Engineers (IEEE):

IEEE 18 Standard for Shunt Power Capacitors
IEEE 295 Electronics Power Transformers
IEEE 428 Definitions and Requirements for Thyristor AC

Power Controllers
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IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

IEEE

519

1036

C57.12.00

C57.13

C57.16

C57.21

C57.99

Ce62.1

63.12

Y32.2-75

Guide for Harmonic Control and Reactive
Compensation of Static Power Converters

Guide for Application of Shunt Power Capacitors

General Requirements for Liquid-Immersed
Distribution, Power, and Regulating Transformers

IEEE Standard Requirements for Instrument
Transformers

Requirements, Terminology, and Test Code for
Current Limiting Reactors

Standard Requirements, Terminology, and Test Code
for Shunt Reactors Over 500 KVA

Guide for Loading Dry-Type and 0Oil Immersed
Current Limiting Reactors

Standard for Gapped Silicon-Carbide Surge
Arrestors for AC Power Circuits

Recommended Practice on Procedures for Control of
System Electromagnetic Compatibility

Graphic Symbols for Electrical and Electronic
Diagrams

National Electrical Manufacturers Association (NEMA) :

NEMA

NEMA

NEMA

NEMA

NEMA

NEMA

IA 2

Cp-1

ICS 1

SG 5

ST 20

TR 1

Programmable Controllers
Shunt Capacitors

General Standards for Industrial Controls and
Systems

Power Switchgear Assemblies
Dry Type Transformers for General Application

Transformers, Regulators, and Reactors

National Fire Protection Association (NFPA) :

NEFPA

70

National Electric Code
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2.2 CONTRACT DRAWINGS

The following Contract Drawings apply to this work and are
considered part of this Specification.

DRAWING REV. TITLE

NUMBER

761538 B Power Supply Site Plan and Drawing List
761539 C Power One-Line Diagram, Existing

761540 B Power One-Line Diagram, New

761541 B Demolition Plan and Elevations, PS#l
761542 B Demolition Plan, Rooms B-110 and B-111
761544 A Demolition Views, PS#1

761545 A Demolition Views, PS#1

761546 A Demolition Views, Rooms B-110 and B-111
761554 B New Power System Layout

761555 B New Work Plan, Rooms B-110 and B-111
761556 A Cooling Water Plan View

761557 A Cooling Water Section Views

2.3 REFERENCE DRAWINGS

The following Reference Drawings contain information which may be
useful in understanding the work of this Specification, and are
for reference purposes only. The Reference Drawings are not part
of this Specification.

DRAWING REV TITLE

NUMBER

201452 F Schematic-Part 2 Power Supply No.l Breaker Control

201453 C Schematic Power Supply No. 1 Auxiliary Devices

201454 N Schematic PS#1 Annunciator Drops 1 - 6

201455 P Schematic PS#1 Annunciator Drops 7 - 14

201456 T Schematic PS#1 Annunciator Drops 15 - 26

201457 G Schematic PS#1 Annunciator Drops 27 - 48

201458 C Schematic Partl PS#1 Motor Control Center

201459 B  Schematic Part 2 PS#1 Motor Control Center

201460 G Schematic Part 3 PS#1 Motor Control Center

201461 C Schematic Power Supply No.l Load Tap Changer

201475 B Wiring Power Supply No.l Load Tap Changer Aux. Devices

201476 B Wiring Power Supply No.l Transformer TR1 Tap Changer
Aux. Devices

201477 J Wiring Power Supply No.l Transformer TR2 Tap Changer
Aux. Devices

651594 U Wiring and Interconnection Control Panel No. 34

651595 F' Wiring and Interconnection Control Panel No. 33

651734 - Arc Air Heater Power Supply Overall Oneline

651755 - Arc Air Heater Power Supply No. 1 Oneline and Control

Schemes
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DRAWING REV TITLE

NUMBER

651757 - Silicon Rectifier Cubicle Wiring Diagram

651811 - Scramjet Test Facility Interconnection Diagram

651812 - Scramjet Test Facility Interconnection Diagram MCC
Units 1-4

651813 - Scramjet Test Facility Interconnection Diagram MCC

651814 - Scramjet Test Facility Interconnection Diagram
Resistors 1-8

651816 - Scramjet Test Facility Interconnection Diagram
Rectifiers 1-4

651823 G Interconnection Box “Y” and Arc Heater Area

651837 1 Electric Arc Heater Foundation Mat Plan

651838 1 Electric Arc Heater Reinforcing Plan

659093 E Kirk Key Interlock System

659094 D Kirk Key Interlock System

659216 G Interconnection Diagram Hydrogen and Air Control
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PART 3 REQUIREMENTS

3.

INTEGRATED SYSTEM REQUIREMENTS

3.1.1 SCOPE

The Contractor shall provide a complete replacement Power Supply
for the AHSTF. This Power Supply shall achieve the design and
performance requirements specified herein when the components are
configured and operated as an integrated system.

3.1.2 PERFORMANCE

The new AHSTF Power Supply shall meet the following integrated
system performance requirements.

3.1.2.1 Power Supply Configuration:

a.

The system topology shall be a phase-fired thyristor based,
adjustable output, direct current Power Supply.

Thyristors shall be connected in a minimum, twelve pulse,
three phase, rectifier bridge configuration to provide power
to the existing arc-heater.

The Power Supply shall fit within the prescribe space of
Building 1247B as indicated on the contract drawings, with
sufficient clearance space for maintenance and code
compliance.

Power Supply components located outdoors shall operate in
the environmental conditions local to the NASA Langley
Research Center. Power Supply components located in
Building 1247B shall operate in the local temperature and
humidity conditions.

The Power Supply shall be designed and configured to
minimize the system complexity and maintenance.

The Power Supply shall utilize cooling water from the
existing building cooling water system to remove heat from
the closed loop cooling circuit of the Power Supply.

A new air switch and feeder breaker shall be provided for
the new Power Supply.

The downstream electrode of the existing arc heater shall be
solidly grounded by the contractor.
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3.1.2.2 Power Supply Electrical Characteristics:

a.

The Power Supply shall output infinitely variable power
between 0 and 20 megawatts to the Arc-Heated Scramjet Test
Facility based on Appendix A, Figure 1. The power supply
output shall be configurable in two modes: Mode 1 is 3000
Amps at 6700 Volts. Mode 2 is 1500 Amps at 13,400 Volts.

The duty cycle shall be two minutes on, every thirty minutes
for an estimated 1,000 cycles per year.

The Power Supply shall use a microprocessor controlled
firing system, incorporating a programmable up and down
power ramps with software programmable rate of rise and
maximum amplitude limits.

The Power Supply shall use a thyristor monitoring and fault
annunciation system to determine the state of each thyristor
during operation.

The Power Supply output shall connect to the existing air
switch as shown on the contract drawings. 1Interlock,
mechanical Kirk™ locks, and permissives shall be provided,
incorporated, and installed by the Contractor.

The Power Supply filtering inductance shall be in compliance
with the data shown in Appendix A, Figure 3.

The Power Supply shall incorporate a trigger circuit to
initiate the arc.

The system efficiency from the point of common coupling,
PCC, shall be of 98% or better at full load in either mode
configuration.

.3 Line Side Electrical Characteristics:

The Point of Common Coupling (PCC) shall be defined as the
connection point of the load side of the new 6.6 kV breaker
3085.

The Power Supply shall perform within the input power
harmonic restrictions as identified in IEEE 5109.

The line power factor shall not be less than 0.95 lagging
and the supply voltage shall not rise above 7.5 kV due to
leading power factor, for loads above 5 Megawatts, as
measured at the Point of Common Coupling.
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3.1.2.4 System Control:

a.

.1

.2

The Power Supply shall meet the operating envelope
requirements defined in Appendix A, Figure 2.

The steady state output current regulation shall be within
+/- 1% of full load current for each configuration modes.

The load current control loop shall have a minimum update
rate of 500 Hertz.

The Power Supply shall accept a serial and an analog current
setpoint command from the existing facility control system.

Discrete interface logic to the existing control system
shall be optically isolated, high (24 VDC)= true, low (O
vdc)= false.

Analog interface signals shall be optically or galvanically
isolated, 0-10 VvDC, 0£10 VDC, or 4-20 mA, scaled to the
corresponding engineering units. D/A converters shall be 12
bit or better resolution.

Fiber optic links using fiber optic cable connections shall
be monitored for cable and connector faults. Loss of optic
communication shall be annunciated as an alarm condition.

Hardwired circuits shall be fail-safe de-energized.

Electrically Erasable Programmable Read Only Memory (EEPROM)
circuits shall be used for Read Only Memory (ROM)
applications within all processors.

A serial communication link shall be provided from the
converter controls to connect to the Government provided
Allen Bradley Programmable Logic Controller control system.

.5 System Reliability and Maintainability:

The design life of the Power Supply shall be 35 years or
more.

The Mean Time Between Failures (MTBF) of the Power Supply
shall be greater than or equal to 40,000 hours.

The Power Supply Mean Time To Repair (MTTR) shall be less
than or equal to 4 hours.
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3.2 PROJECT MANAGEMENT

3.2.1 SCOPE

The Contractor shall provide the personnel and resources to manage
all aspects of the project throughout the design, manufacture,
installation, and commissioning of the new Power Supply system.

3.2.2 MANAGEMENT PLANS

3.2.2.1 Project Implementation Plan: The Contractor shall
submit a Project Implementation Plan 30 calendar days after the
Project Kickoff Meeting for approval by the Contracting Officer.
The Project Implementation Plan shall describe the Contractor's
approach to fulfilling the requirements of this contract, and
shall include the following:

a. A complete description of the project scope and content in
sufficient detail to demonstrate a full understanding of the
project requirements.

b. The Contractor's plan for accomplishing the project elements
and goals.

c. A list of the Contractor's key personnel with resumes.

d. Names and locations of design firms, with resumes of design
personnel.

e. A schedule of planned Design Reviews and Progress Meetings
between the Government and the Contractor. Design Reviews

and Progress Meetings shall be scheduled and administered in
accordance with the requirements of this Specification.

f. Names and locations of plants where the primary Power Supply
components will be manufactured and tested.

g. Names of subcontractors which the Contractor plans to use,
and the Contractor's plan to manage the subcontractors.

h. Construction management personnel and functions.

3.2.3 PERSONNEL

3.2.3.1 Key Personnel Technical Qualifications: The key
personnel identified by the Contractor in the Project
Implementation Plan shall have commensurate experience with the
specific work elements required by this contract, and shall have
the requisite education and training to perform the tasks by "best
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practice" engineering using contemporary tools, methods, and
technology.

3.2.3.2 Government Interface: The Contractor shall provide a
single point of contact for communications and information to the
Government. This Project Manager shall have thorough knowledge of
the technical aspects of the project and be accessible (within 24
hours) to NASA Langley Research Center. This individual shall be
available for communications during normal business hours from
9:00 AM to 3:00 PM Eastern Standard Time. The Government
interface shall have authority within the Contractor’s
organization and with all subcontractors to direct changes, convey
technical information, provide real time updates to the
Contracting Officer, and shall be required to alert the Contractor
and Government personnel of developments or changes that could
impact the project schedule. The designated Government Interface
cannot be changed during the contract period without the consent
of the Government.

3.2.4 SCHEDULES

3.2.4.1 Critical Path Schedule: Within 30 calendar days after
the Project Kickoff Meeting the Contractor shall submit a Critical
Path Method (CPM) Schedule for approval by the Contracting
Officer. The schedule shall be substantially similar to the
proposal schedule. The schedule shall be in the form of a CPM
procurement (supply) schedule and progress chart (resource loaded)
drawn on a calendar days horizontal scale. The CPM Schedule shall
be comprehensive of the entire project including design,
manufacture, installation, and commissioning of the new Power

Supply.

The schedule shall show the work broken down into a number of
discrete tasks to be performed in specific areas. The duration of
any discrete task shall not exceed four calendar weeks. For each
task, the schedule shall show the earliest and latest start and
finish times, indicate which tasks must start or be completed
prior to the task in question, and define the float time, if any.

The schedule shall show which sequence of tasks represent the

"critical path" for completion within the contract time. It shall
also show the required order dates, fabrication times, and
delivery dates for each major item of material or equipment. The

CPM Schedule shall be coordinated with the Submittal Schedule to
allow time for Government review of submittals, and Contractor
resubmittal, if required.

Once the schedule is approved by the Contracting Officer, the

Contractor shall baseline the initial schedule and shall not
change or delete this baseline on all remaining schedule
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submittals. This baseline shall be shown on each schedule
submittal.

3.2.4.2 Monthly CPM Schedule Updates: The Contractor shall

update the CPM Schedule on a monthly basis to reflect the progress
of the project work elements and milestones. The Schedule Updates
shall be submitted with the Contractor's monthly Progress Reports.

3.2.4.3 Supplementary Schedules: If, the Contracting Officer
judges the Contractor to be behind the approved schedule, the
Contractor shall submit a supplementary CPM Schedule, without
additional cost to the Government, to demonstrate how the
Contractor will regain the lost time and meet the original project
schedule.

3.2.4.4 Construction Planning: The final completion date of
this project and the duration of the AHSTF facility shutdown are
critical. The Contractor shall time the construction work to
coincide with the planned delivery of Power Supply components to
minimize the AHSTF facility downtime. Site preparation may begin
prior to delivery of Power Supply components. Site preparation may
also begin prior to specified tunnel availability date.

The Contractor shall coordinate installation of the Power Supply
components and sub-systems to expedite completion of the project
and minimize AHSTF facility downtime. The Power Supply equipment
which can be delivered and installed prior to AHSTF tunnel
shutdown, and without interfering with AHSTF tunnel operations,
may be worked at the Contractor's discretion as soon as site work
approval, components, materials, and resources are available.

3.2.5 PROGRESS REPORTS AND PROGRESS MEETINGS

3.2.5.1 Progress Reports: The Contractor shall submit monthly
Progress Reports throughout the duration of the project for Review
by the Contracting Officer. The Progress Reports shall include
the following:

a. A narrative description of the project progress identifying
areas of concern or potential problems.

b. The monthly CPM Schedule Update.

c. The monthly Submittal Schedule Update.

d. Status reports of any equipment orders or subcontracts which
could delay the overall schedule of the Power Supply
manufacture, installation, or commissioning. These status

reports shall include the following information.
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1. Contract or purchase order number, date submitted to
the supplier, date accepted by the supplier, the
supplier's name, and the supplier's address.

2. Delivery date needed to meet contract schedule.

3. Original delivery date agreed to by the supplier and
any subsequent changes in that date.

4., Reasons for changes in the original delivery date.

5. The effect which the latest promised delivery date will

have on the contract schedule.

6. History of events by the Contractor to bring the
promised delivery date in line with the requirements of
the contract schedule, including negotiating overtime,
expediting delivery costs, and efforts made to place
the order or subcontract with other suppliers.

7. Name and title of the individual employed by the
supplier who is cognizant of the order or subcontract
status.

8. During manufacturing, the Contractor shall include

digital pictures in a .JPG format to show progress of
fabrication, manufacturing, and testing.

3.2.5.2 Scheduled Meetings: Progress Meetings between the
Government and the Contractor shall be scheduled to discuss open
issues, meet with subcontractors, and witness manufacturing or
testing milestones. There shall be at least three Progress
Meetings, scheduled throughout the manufacturing and factory
testing phases of the project.

A Project Kickoff meeting shall be held at the beginning of the
project immediately after contract award at a time mutually
agreeable to the Contractor and the Government. This meeting
shall be at NASA Langley Research Center. This meeting shall be
used to discuss the complete project scope in detail, resolve
logistic issues, gather site data, and plan upcoming site wvisits.

The Government may request additional meetings at any time, based
on the review of the Contractor’s technical or schedule
performance. The Contractor shall support these meetings with the
necessary personnel to resolve specific issues at no additional
cost to the Government.

3.2.6 SUBMITTALS
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3.2.6.1 Submittal Schedule: The Contractor shall submit a
project Submittal Schedule within 30 calendar days after the
Project Kickoff Meeting for Approval by the Contracting Officer.
The Submittal Schedule shall list all submittals to be made
throughout the duration of the contract. Submittals include
design drawings, equipment specifications, test plans, test
reports, engineering reports, and other documentation as required
in this Specification and in Attachment A - Construction
Specifications.

The Submittal Schedule shall indicate the status of all
submittals, including submittal dates and submittal actions or
dispositions.

3.2.6.2 Monthly Submittal Schedule Updates: The Contractor shall
update the Submittal Schedule monthly to reflect the current
status of submittals and submit the updated schedule with each
monthly Progress Report.

3.2.6.3 Contractor Submittal Procedure: Submittals shall be
prepared and submitted in accordance with the requirements of
Attachment A - Construction Specifications, Section 01300,
Submittals.

The submittal summary in Attachment A - Construction
Specifications, Section 01330, Submittals, lists all submittals
required by both the Technical Specification and Attachment A -
Construction Specifications.

All submittals shall be in the English language.
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3.3 ENGINEERING AND DESIGN

3.3.1 SCOPE

The Contractor shall provide all engineering and design personnel,
equipment, and materials for the development of the new Power
Supply system. This shall include system, subsystem, and
component levels of effort. This shall also include demolition,
installation, and integration activities to interface the new
system hardware with the existing facility in a safe, efficient,
and timely manner.

3.3.2 DESIGN CRITERIA AND METHODS

The following criterion identifies aspects of the design that the
Contractor shall provide but is not necessarily all inclusive of
details needed for a completely operational system.

3.3.2.1 System Configuration: The Contractor shall engineer and
design a Power Supply system that meets all the regquirements set
forth in this Specification. The gquantities of components are not
fixed by this Specification in order to allow the Contractor and
subcontractor(s) flexibility in meeting the technical
requirements. The Contractor shall design the optimum
configuration in consideration of performance, reliability,
simplicity, initial cost, 1life cycle cost, harmonic content
mitigation, efficiency, space constraints, demolition/installation
requirements, tunnel downtime, maintainability, and implementation
of the latest, proven state of the art technical designs and
material developments.

3.3.2.2 Site Visits and Field Verification:

It is solely the Contractor’s responsibility to gather and verify
all existing system information required to design, manufacture,
and install a Power Supply that correctly interfaces with all
existing site conditions and operator controls. The Contractor
shall notify the Contracting Officer 14 calendar days prior to
visiting the site to allow for processing of site passes. In the
case of foreign nationals, the Contractor shall notify the
Contracting Officer 30 days prior visiting the site to allow for
processing the site passes.

Existing facility documentation including drawings, design
calculations, and any other relevant information will be provided
to the Contractor upon request to assist in the design phase.
These documents shall be for information purposes only, and the
Contractor shall be responsible for field verification of all
information critical to the design and installation of the new
Power Supply system.
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The Contractor shall field verify location of the water system
connections, pump mounting, and source of the electrical power for
the new water pump(s).

The Contractor shall field verify the location and connection to
the new air switch and breaker, feeder bus duct, cables, breakers,
relaying, and all other sub system components of the existing
power source interface. The Contractor shall make recordings of
the existing electrical voltage and current harmonic
characteristics at the existing Point of Common Coupling, to
establish a baseline of the existing levels of distortion prior to
designing the Power Supply. If required to meet the IEEE 519
distortion limits and the power factor limitations, a harmonic
filter shall be included. The Point of Common Coupling (PCC) shall
be defined as the load connection point of the 6.6 kV breaker
3085.

The Contractor shall submit a copy of all data to the Government
for review 10 days after field measurements are completed.

3.3.2.3 Manufactured Components and Materials: Components and
materials provided under this contract shall be products of
manufacturers regularly engaged in the manufacture of the
specified products. Custom manufactured system components and
prototypes will not be accepted. Where two or more units of the
same equipment class or items are furnished, the equipment shall
be from the same manufacturer and shall be exactly
interchangeable. All materials and equipment shall be new and
free from defects at the time of contract acceptance.

Manufactured items and materials to be incorporated into the work
shall be handled, stored, applied, installed, serviced, and used
in accordance with the manufacturer's instructions and
recommendations.

3.3.2.4 Architectural Design: The design shall include
provisions for satisfactory free space surrounding all mechanical
and electrical equipment as appropriate to the overall system
design and to meet applicable code requirements. Convenient
access space and clearance for repair and maintenance shall be
provided, including any permanent or removable platforms required
to maintain equipment. Sufficient space for safe replacement of
components shall be required.

Exterior of equipment and enclosures shall be uncluttered, with
straight, plumb, and uniform arrangements. Any work to existing
structures shall include all modifications to restore the building
to original style, function, and structural integrity at no
additional cost to the Government. The quantity of access/egress
hardware, ductwork, vents, or equipment installed on the exterior
of buildings, new or existing shall be minimized.
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3.3.2.5 Electrical Design: The Contractor shall employ
qualified, experienced electrical engineers familiar with medium
voltage power distribution, solid state power conversion, filter
networks, and digital control systems.

The Contractor’s design shall include modification to the existing
protective relaying system. New hardware shall be provided by the
Contractor to meet the coordination requirements and to provide
the proper protection of all new system components. This design
shall include control, monitoring, protection, and time/current
coordination with the existing power distribution system.
Adjustable and nonadjustable protective devices shall be
coordinated to operate on the minimum current that will permit
distinguishing between fault and load current in a minimum of
time. Time and current settings shall be selected for the
adjustable devices that will operate in sequence with the
nonadjustable devices to isolate a fault with a minimum of
disturbance to the unfaulted portion of the system. The
coordination shall start at the line side of the new air switch
(3084) terminals and end at the arc-heater.

The Contractor’s design shall include specific formal drawings
that show equipment grounding details, conduit routing, equipment
locations, interconnecting cabling, low voltage power
distribution, control, and monitoring.

The Contractor’s design shall include a method to easily isolate
and ground the Power Supply and harmonic filters for maintenance
and trouble shooting. These methods shall be mechanically
interlocked to prevent energization of any equipment while the
unit is grounded.

The Contractor’s design shall include control system details with
interface and interlock devices and logic. Local and non-
supervised remote operation of the Power Supply shall be
implemented in the design. Local operation shall be provided via
a Contractor provided control panel at the Power Supply. Remote
operation shall be implemented using the existing Government
control system hardware and signals from the new Power Supply.
Process and instrumentation design shall provide for correct
operation of all utilities and the monitoring and recording of
voltages, currents, pressures, flows, temperatures, and other
system variables. The complete system shall incorporate, as a
minimum, diagnostic and monitoring equipment, interposing relays,
and signal conditioning to interface with the existing control
system hardware.

The Contractor's electrical design shall identify on drawings all
electrical interfaces between the new Power Supply and the
existing AHSTF Heater sub-systems and components. The
Contractor's design drawings shall indicate specific disconnection
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points of existing electrical systems, and show how the new Power
Supply electrical systems are integrated into the overall
facility.

3.3.2.6 Mechanical Design: The Contractor shall employ
qualified, experienced mechanical engineers familiar with power
conversion equipment and supporting utility process systems.

The Contractor’s design shall include detailed calculations for
system component sizing and equipment selection. The design shall
coordinate location and size of all new process lines and piping
for the planned systems. The design data shall state heat loads,
heat transfer, and all process design parameters. The design
shall account for all existing piping and utilities and shall
resolve any conflicts between existing and proposed new work.
Design data shall be submitted to the Government for review. The
Contractor shall prepare a Process and Instrumentation Drawing
(P&ID) for the Power Supply cooling system showing all devices in
the system in the proper and as-built locations in accordance with
Instrument Society of America (ISA) P&ID documentation standards.

The Contractor’s design shall identify the loads to be imposed on
existing utilities by the new Power Supply, and proposed locations
for utility connections.

The Contractor's mechanical installation drawings shall identify
all mechanical and process interfaces between the new Power Supply
and the existing AHSTF Arc Heater sub-systems and components. The
Contractor's drawings shall indicate specific tie-in methods and
locations to the existing mechanical and process systems; and show
how the new Power Supply components are integrated into the
overall facility.

See Appendix B for cooling water system data.

3.3.2.7 Kirk™ Locks: The Contractor shall design and provide a

Kirk™ Lock system of safety-sequenced actions to protect personnel
from the hazards of the new power supply. The Contractor shall be

responsible for designing the interface to the existing Kirk™ Lock
system and providing any design, components, and accessories

required to integrate all new equipment into the existing Kirk™
Lock protection system.

3.3.2.8 Device List: The Contractor shall develop and maintain

a complete project device list in Microsoft Excel™ for all
components of the Power Supply system for the duration of the
project. The device 1list shall contain, as a minimum, detailed
information on each system valve, instrument, transducer,
protective device, interlock device, all switches, and any other
major components that significantly contribute to the operation of
the system and requires calibration, maintenance, or repair. The

Page 18 of 87



device list shall include a unique number, component definition,
manufacturer, model number, part number, settings, outputs,
alarm/trip values, calibration date, and drawing references in
accordance with ISA recommendations.

3.3.3 ENGINEERING STUDIES AND CALCULATIONS

Engineering data required under this section shall include all
calculations, computations, computer printouts, graphs,
presentations, and details of design analysis. Analysis reports
required under this section shall include all computer-aided
design efforts for analysis of electrical, mechanical, and heat
transfer parameters of the system. This shall be tabulated,
organized, and bound in such a manner that all pertinent
information such as transient conditions, maximum and minimum
points, loads, limits, dimensional checks, references, and
assumptions are easily and readily identified. The computed
output shall be identified with headings to assist assimilation of
data tables, and graphs. A summary of the problem statement and
results of the computer analysis or simulations shall be provided
in the report.

Any consulting engineering efforts employed by the Contractor that
pertain directly or indirectly to the design and manufacture of
this equipment resulting in any correspondence and information,
reports, and data shall be submitted using the above format.

As a minimum, the following studies and calculations are required.

3.3.3.1 Short Circuit: The Contractor shall calculate three
phase, line-to-line, and line-to-ground short circuit levels and
X/R ratios at all major parts of the system from the PCC to the
arc heater. Provide a single line diagram with bus and branch
identification, as used in the study. Provide all calculation
input data and assumptions. Perform a protective device
evaluation study to confirm all equipment is applied within
published ratings, in consideration of the worst-case short
circuit fault current available. All calculations shall be
verified using a documented, commercially available software
program. The final short circuit study shall be submitted at the
90% Design Review.

3.3.3.2 Protective Device Coordination: The Contractor shall
perform a protective device coordination study to select proper
settings and device characteristics to provide optimum equipment
protection, continuity of service, and complete selective
coordination. Time/current curves shall be provided. These curves
shall be plotted on a single piece of graph paper for those
devices in series with each other using a common current scale,
with current ratings at the lowest voltage level. Curves shall be
plotted progressively as each circuit is studied, starting with
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the device furthest from the source. Each curve on the graph
shall include tolerance bands and shall show degree of
coordination with each successive device. Furnish standard
time/current curves for each protective device provided. Assume
worst case short circuit fault current available for coordination
margin determinations. Furnish breaker and relay settings in a
tabulated format. Include power supply control trip
characteristics on time/current curves. Where harmonic content
might affect relay operation if standard practices are employed,
make specific provisions in the design and selection of components
to assure proper equipment protection and selective coordination.
The Contractor shall check existing relaying to assure harmonic
distortion is not an error-introducing factor to the existing
system components. If so, the Contractor shall replace with non-
harmonic sensitive components or redesign such that harmonic
sensitivity is not error introducing. The Contractor shall
document any deviations from standard practices based on harmonic
content impact. The final coordination study shall be submitted at
the 90% Design Review.

3.3.3.3 Harmonic Analysis and Filter Design: The Contractor
shall perform a harmonic analysis on the power system to determine
harmonics introduced by the Power Supply at all loads up to the
25" harmonic, and design a filter that complies with IEEE 519 and
the existing network impedance. The Contractor shall perform a
simulation to verify that filter network characteristics meet
design requirements over the system operating range. The final
harmonic analysis report shall be submitted at the 90% Design
Review.

3.3.3.4 Efficiency Calculations, Load Calculations and Voltage
Regulation Analysis: The Contractor shall provide load
calculations to determine the size of system components, cabling,
interconnections, and source requirements. The Contractor shall
provide voltage regulation profiles for equipment buses over the
extremes of Power Supply and load configurations.

The efficiency calculations shall be validated using industry-
recognized methods. The results shall be tabulated and included
as a section of the load calculations. The final calculations and
analysis report shall be submitted at the 90% Design Review.

3.3.3.5 Insulation Coordination: The Contractor shall determine
and document the Basic Insulation Level (BIL), and Basic Switching
Level (BSL) ratings, as well as surge protection equipment
requirements for ‘best practice’ system design. The component
insulation ratings shall be coordinated with the system design
requirements. The final insulation coordination study shall be
submitted at the 90% Design Review.

3.3.3.6 Subsystem and System Reliability Analysis: The
Contractor shall provide a tabulated and graphical analysis of the
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reliability factors of the Power Supply. This shall be based on
data compiled from in situ components and subsystem configurations
previously installed by the Contractor, related to the specific
hardware arrangement for this Power Supply. This report shall
list data base systems, and the length of time in service. The
analysis shall determine and list the most probable failure modes,
value of the supplied redundant configuration, and justify the
final system design by conclusive evidence of optimized
availability. The final reliability analysis report shall be
submitted at the 90% Design Review.

3.3.3.7 Predictive Maintenance Plan: The Contractor shall provide
a plan for the predictive maintenance of the Power Supply system.
This plan shall cover all provided equipment, and be based on
Reliability Centered Maintenance techniques. The final Predictive
Maintenance Plan shall be submitted at the 90% Design Review.

3.3.4 DESIGN REVIEWS

3.3.4.1 General: Three Design Reviews shall be scheduled
throughout the design phase of the project. For each review, the
Contractor shall submit the meeting agenda and technical materials
to be reviewed by the Government 14 calendar days prior to the
meeting. The Contractor shall be flexible in modifying the design
based upon the Government's review comments, and some design
iterations are to be expected. The Contractor is not required to
stop design work in order to complete the design reviews.

3.3.4.2 15 Percent Design Review: The Contractor shall conduct a
15 Percent Design Review no later than 45 calendar days after the
Project Kickoff Meeting. The 15 Percent Design Review shall be a
formal presentation by the Contractor, and shall be held at the
Contractor's facilities. Between two and five Government
representatives will attend the review. The Contractor shall
include the following information in the 15 Percent Design Review.

a. Engineering basis for design.

b. Major equipment list and specifications.
C. Results to date of engineering studies.
d. List of drawings.

e. Identification of long lead time items.
f. Compliance with applicable codes.

g. Electrical one-line diagram(s) .

h. Electrical load calculations.
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i. Sequence controller configuration defining racks,
processors, gate firing control, type and quantity of type

of I/0.
J. Analog signals for data system recording.
k. Control system block diagrams.
1. Power Supply electrical, mechanical, structural, and utility
details.
m. Utility Process and Instrumentation drawings.
n. Piping routing layouts.
o. Equipment dimensions and layout drawings.
P- Preliminary copies of all required studies and reports.
3.3.4.3 Interim Review: The Government will hold an informal,
interim review of the Contractor's design documentation when the
design is approximately 50 percent complete. The review will be

held at the NASA ILangley Research Center no later than 120
calendar days after the Project Kickoff Meeting. The Contractor
is not required to attend the review, however, the Contractor
shall submit a complete set of all design documentation to be used
as the review material no later than 10 days prior to the stated
review date. The design material shall include refinement and
progress of the 15 Percent Design Review information, plus the
following additional information.

a. Description of system operation and sequence of operation.
b. Details and data for electrical one-line diagram.

C. Electrical schematics.

d. Control loop diagrams.

e. Sequencer programming documentation.

f. Facility wiring interface details.

g. Control panel details.

h. Service and equipment grounding details.

i. Facility Kirk™ Lock interface.

J. Mechanical plans and sections.
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k. Mechanical equipment and details.

1. Demolition details and schedule.

m. Installation details and schedule.

n. Factory tests details and schedule.

o. Power Supply power bridge design details.

P. Cooling system interface design, including P&ID.

3.3.4.4 90 Percent Design Review: The Contractor shall conduct a

90 Percent Design Review at the Contractor’s facility no later
than 180 calendar days after the Project Kickoff Meeting. The 90
Percent Design Review shall be a formal presentation by the
Contractor and shall include updates to all of the items listed in
section 3.3.4.3, submittal of 90% complete drawings, equipment
specifications, all design and construction details, programming
documentation, and updates to any previously submitted
information. The review shall be schedule for two consecutive
days to cover all aspects of the project design, manufacturing,
installation and to discuss and resolve all issues arising out of
the main design review presentation.

3.3.5 Power Supply Documentation

3.3.5.1 Scope: In addition to documentation required in other
sections of this Specification, the Contractor shall submit all
Power Supply documentation required to describe the Power Supply
design, programming, manufacture, installation, commissioning,
operation, and maintenance. Unless otherwise specified, all
documentation, including drawings, manuals, catalog cuts, and all
Contractor submittals, shall be in the English language.

All drawings, calculations, and analyses shall be prepared under
the supervision of experienced, degreed engineers with direct
experience related to the specific requirements of this contract.
All documentation shall be checked and approved by the appropriate
engineering supervision prior to submittal to the Government.
Documentation shall utilize conventional symbols as recognized in
the applicable standards as referenced in Section 2.0.

The Contractor shall submit Power Supply documentation for review
by the Contracting Officer in accordance with Section 3.2.6 of
this Specification. All submittal documentation shall become the
property of the Government.

Final drawing submittals shall include a software copy of all CAD

drawings. Final submittals of all text documents shall be in
Microsoft Word format with charts and graphs in Microsoft Excel
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format. Any exceptions shall be brought to the attention of the
Contracting Officer and approved prior to submission.

3.3.5.2 Drawings: The Power Supply drawings shall include, as a
minimum, layout drawings, component drawings, demolition drawings,
installation drawings, interconnection drawings, schematic
drawings, and point-to-point wiring drawings for the major
systems, subsystems, and components of the new power supply. This
shall include, but not be limited to, the following drawing
details:

a. Input/Isolation Transformer (s):

Assembly and layout with physical data.

Cooling system components and controls.

Lifting, rigging, and structural supports.

Connection terminations and bushings.

Radiator size, weight, and connection details.

High and low voltage connection diagrams and bushing

arrangements.

7. Control wiring diagrams.

8. Structural steel work for primary connection to existing
circuit breaker.

9. New cable and bus work installation details.

10. Civil work for installation and mounting of

transformer (s) .

oY Ul W DN

b. Filter Network:

1. Filter equipment layout plans and sections.

2. Filter network arrangement.

3. Equipment foundations and structural steel work.

4. Connection diagrams.

5. Schematics and control components wiring diagrams.
c. Power Supply:

1. Assembly and layout with parts lists.

2. Thyristor stack assembly details.

3. Firing circuit assembly.

4. Snubber circuit assembly.

5. Control and monitoring systems assembly, schematics, and

wiring diagrams.

Interface diagrams to the existing facility control

system showing serial and hardwired connection points,

signal definitions, and wiring.

7. Power conversion schematics and wiring diagrams.

8. Cooling system process schematics, interlocks, and
wiring diagrams.

9. Power terminations and connection details.

10. Enclosure assembly and physical data.

11. Location and layout including anchor bolt locations.

(o)}
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12. Electrical interface from switchgear and input isolation
transformer (s) controls.

13. Cable installation from Power Supply to existing air
switch.

14. Cooling water system modifications and P&ID.

15. Serial interface details.

16. Analog signal loops, shielding, scaling, and engineering
units.

d. Site Construction:

1. Overall demolition layout drawings identifying the
existing components to be demolished, salvaged, or
relocated.

2. Rigging and cribbing drawings showing lifting and

transporting arrangements for the major Power Supply

components.

Demolition drawings of existing cables.

Building modifications drawings.

Installation drawings.

Ground grid connections for new equipment.

New concrete foundations.

Structural steel erection drawings.

Interface with existing foundations.

0. Interface with existing cable trays and racks.

= O o Joy U b Ww

The Contractor’s drawings shall use identical backgrounds wherever
possible. Final submittal drawing size shall be D size (22 X 34
inches). All drawings developed for this project shall be
compatible with AutoCad Version 14 or later. A NASA Langley
Research Center border and content entity data file will be
supplied to the Contractor at contract award for uniformity with
existing NASA Langley Research Center facility drawings. All
drawings shall be properly created scaled, and field verified for
accuracy. A list of drawing numbers will be provided to the
Contractor.

Drawings shall be developed and presented in a professional manner
by designers familiar with proper representation of the
disciplines depicted on the drawings. Sketches, hand drawings,
vague drawings, and lack of detail will not be acceptable. All
drawings shall be submitted for review by the Government and the
Contractor shall revise, modify, redraw, or provide additional
drawings or details as required by the Government’s review.

Drawings shall be prepared to facilitate the review of all
disciplines and to ensure that the Power Supply equipment fits
into the real estate limitations applicable to each work area.
The floor plans and building sections represent critical
limitations. Major equipment shall be accurately drawn to scale
such that all design disciplines can identify space allocations
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and restrictions. The design shall allow for service, removal,
code compliances, and shall not cause interference with any
existing equipment.

3.3.5.3 Engineering Data: The Contractor shall submit
Engineering Data, for review by the Contracting Officer, as part
of the project final documentation. The Engineering Data shall
include, but not be limited to the following details.

a. Analyses, calculations, reports, and other documentation as
required in other sections of this Specification.

b. Power Supply performance data including efficiency, circuit
parameters, and losses.

C. Interlock sequences and definitions.

3.3.5.4 Certified Inspection Reports: The Contractor shall
submit Certified Inspection Reports, for review by the Contracting
Officer, for all equipment and material inspections performed
throughout the manufacturing and installation phases of the
project. Inspection Reports shall be submitted within 21 calendar
days after completion of the inspection.

3.3.5.5 Test Procedures: The Contractor shall submit, for review
by the Contracting Officer, all test procedures and plans for the
factory and site testing of major Power Supply sub-systems,
equipment, components, or materials. Test procedures shall be
submitted 10 calendar days prior to the start of testing.

3.3.5.6 Certified Test Reports: The Contractor shall submit
Certified Test Reports, for review by the Contracting Officer, for
all tests of major Power Supply sub-systems, equipment,
components, and materials. Test Reports for factory tests, on
site sub-system tests, and commissioning tests shall be included.
Test Reports shall be submitted within 21 calendar days after
completion of the test.

3.3.5.7 Operation Manuals: As part of the project final
documentation, the Contractor shall submit Operating Manuals for
review by the Contracting Officer. Operating Manuals shall
include, as a minimum, the following details.

a. Start-up procedures including the detailed steps required to
configure the system for operation and calibration of system
instrumentation.

b. Operating and control sequences of the overall Power Supply

and the Power Supply sub-systems.

c. Operating check lists describing the Power Supply parameters
which require monitoring during operation, the safe
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operating limits of these parameters, and the required
operator actions when safe limits are exceeded.

d. Procedures for shutdown and grounding of the Power Supply.

3.3.5.8 Maintenance Manuals: As part of the project final
documentation, the Contractor shall submit Maintenance Manuals for
review by the Contracting Officer. Maintenance Manuals shall
include, as a minimum, the following details.

a. Step-by-step procedures for dismantling and reassembling the
Power Supply equipment, including recommended handling
techniques.

b. Procedures for replacing process system parts, such as

pumps, filters, bearings, packings, and seals.
C. Information regarding clearances and tolerances.

d. A listing and description of periodic maintenance and
inspection requirements for the Power Supply equipment.

e. Bolt torques of critical Power Supply fasteners.

f. Calibration settings, tolerances, and intervals of
calibration for Power Supply instrumentation.

g. A trouble-shooting guide to aid in diagnostics of Power
Supply faults and trips.

3.3.5.9 Spare Parts Lists: The Contractor shall maintain an
internal distribution network that provides sufficient replacement
parts to be available for the design life of the Power Supply. As
part of the project final documentation, the Contractor shall
submit a Spare Parts List for all equipment included with the
complete Power Supply. The Spare Parts List shall include vendor
names, catalog numbers, parts cost, and delivery lead times for
parts which aren't normally stocked.

3.3.5.10 Vendor Catalog Data: As part of the project final
documentation, the Contractor shall submit, for review by the
Contracting Officer, product literature, catalog cuts, and
specifications of major purchased components of the Power Supply.

3.3.5.11 Certificates of Compliance: The Contractor shall submit
Certificates of Compliance, for review by the Contracting Officer,
which demonstrate that the Contractor, subcontractors, and vendors
provided equipment and materials which complied with the
applicable standards, codes, and specifications.

3.3.5.12 As-Built Drawings: The Contractor shall keep a set of
drawings, marked "AS-BUILT", to record actual or as-built
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information. This drawing set shall include all contract,
reference, shop, and field drawings; and be kept exclusively for
this purpose only.

The Contractor shall update all entries on this set of documents
concurrently with the changes being made. All as-built changes
shall be shown where there are any deviations from the original
drawings, including change orders, modifications, clarifications,
and field instructions and/or verifications.

The Contractor shall keep all as-built documents current, making
them available for inspection at any time by the Contracting
Officer. The Contracting Officer will review the progress of the
as-built documents on a monthly basis.

At the completion of the Power Supply commissioning, all drawing
files shall be revised to incorporate the as-built or actual
conditions. This set of documents shall include a revision that
states ‘As-Built Condition’ on each sheet or page, dated, signed
by the Contractor, and delivered to the Contracting Officer prior
to final acceptance of the contract. 1In addition, each final
drawing hard copy and file shall be modified to include
information regarding the Government’s classification of LaRC’s
Configuration Control Management system. This classification data
will be supplied by the Government to the Contractor 30 days after
all final drawings have been submitted to the Government for
review.

3.3.5.13 Software Documentation: All programming and
configuration software and information for the Power Supply shall
be provided and be fully documented. This documentation shall
include logic printout, I/O cross reference, label printouts, rack
addressing, system architecture, and diagrams for high speed or
serial communications, including remote/local networks.

Software for the Power Supply controller shall be provided on
storage media that can be remotely stored and used to restore
machine software with all operating parameters and soft limits to
return the system to normal operating conditions via the supplied

programming terminal. Software code and instructions shall be
provided to the extent to allow the Government to adjust soft
limits in the future. Listings shall be provided to document and

troubleshoot the power supply controller.

3.4 INPUT ISOLATION TRANSFORMER
3.4.1 SCOPE
The Contractor shall design, manufacture, furnish, and install an

Input/Isolation Transformer to provide the proper voltage and
power to the Power Supply.
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3.4.2 PERFORMANCE REQUIREMENTS

The Input/Isolation Transformer shall meet or exceed the
performance requirements described in this section.

3.4.2.1 Transformer Voltages: The transformer shall be designed
for connecting to the existing 6.6 kV power distribution grid at
NASA Langley Research Center. The output voltage shall be
determined by the Contractor and shall be matched to the
requirements of the Harmonic Filter and DC Power Supply.

3.4.2.2 Transformer Power Rating: The transformer shall have
sufficient rating to meet all requirements of this Specification
and IEEE C57.12.00. The transformer rating shall be intermittent
and shall be based on temperature rise. Temperature limits shall
not be exceeded when the transformer is delivering the rated
output at rated secondary voltage in accordance with IEEE
C57.12.00, including harmonic content.

3.4.2.3 Transformer Phasing: All equipment, including auxiliary
equipment shall have voltage applied with positive (A-B-C) phase
sequence.

3.4.2.4 Impedance: The transformer impedance shall be selected
by the Contractor to match the Power Supply system requirements
and provide a maximum short circuit current at the transformer
secondary less than the rated short circuit current of the Power
Supply. In addition, the transformer shall withstand the
mechanical and thermal stresses produced by external short
circuits.

3.4.2.5 Reliability: The Input/Isolation Transformer shall
provide commercial quality reliability with a design life of 35
years.

The transformer shall be designed to operate without damage or
reduction in design life while subjected to the harmonic
amplitudes and frequencies generated by the Power Supply under all
load conditions.

3.4.2.6 Maintainability: Routine maintenance of the transformer
shall not exceed eight hours per year, by design. Self-diagnosis
and interlock alarms shall be designed into the transformer
controls to monitor and indicate malfunctions. Components that may
require replacement, calibration, or maintenance shall be easily
accessible through doors, manholes, or removable panels. Mounting
methods and fasteners shall provide for rapid and unobstructed
removal and replacement of devices.

The Contractor shall provide a recommended spare parts list with
costs, in order to minimize the mean-time-to-repair (MTTR). This
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shall be broken into two categories: 1) Parts required to keep
MTTR below 24 hours; and 2) Parts required to keep MTTR below 10
calendar days.

3.4.2.7 Sound Levels: The transformer sound level in decibels
shall not exceed the values determined by IEEE C57.12.90.

3.4.2.8 Safety: The transformer shall be designed and
constructed to meet all safety requirements of NEMA TR1 and NFPA
70. All equipment, within eight feet of the ground, shall be in
grounded metal enclosures, with no exposed live parts.
Maintenance access ports shall be equipped with provisions for
padlocking. Interlocking switches shall be employed where needed
to protect maintenance personnel.

3.4.3 HARDWARE REQUIREMENTS

The input isolation transformer shall meet or exceed the hardware
requirements described in this section.

3.4.3.1 Input Isolation Transformer Design and Construction:

The Contractor shall provide a new input isolation transformer to
match the existing supply to the input voltage, impedance, phase,
and isolation requirements of the new Power Supply system. The
input isolation transformer shall be a rectifier type designed,
constructed, and factory tested in accordance with IEEE C57.12.00,
and C57.12.1 for Class I power transformers, and IEEE C57.18.10
for semiconductor power rectifier transformers. The transformer
shall be o0il filled and OA or OA/FA cooled. The basic design and
construction of the transformer shall also include the following:

a. Current carrying components shall be copper (i.e. windings,
bus, bushings, and connecting hardware) .

b. Primary winding Basic-Impulse Insulation Level (BIL) shall be
95 kV.

c. The transformer shall be electrostatically shielded.

d. Current carrying joints and splices shall be welded, brazed,
or made by compression fittings; soldered connections shall
not be used.

e. All leads not directly brought to bushing terminals or tap
changers shall be brought to terminal boards constructed over
insulation materials rigidly supported inside the case.

3.4.3.2 Coils: High and low voltage coil sections shall consist
of insulated copper conductors assembled around the core. Coil
sections shall be concentric or rectangular to counteract forces
incurred under short circuit conditions and shall be provided with
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0il ducts to dissipate the heat generated in the windings. Coil
sections shall be electrically connected together, and to the
respective terminal bushings of the transformer.

3.4.3.3 Tank: Walls, bottom, and cover of the transformer tank
shall be fabricated from hot-rolled steel plate. The
configuration shall be designed to best take advantage of the
allotted space.

The transformer tank shall be welded construction with an enclosed
rectangular base using I-beam construction. It shall be designed
for rolling in the direction of the centerline of the bushing
segments.

The tank shall be provided with two ground pads, located on
opposite sides of the tank, and two bolt clamp type terminal
connectors suitable for 4/0 AWG copper cable.

Sealed tank construction with a welded main cover shall be
provided. The tank shall have a manhole in the cover. Circular
manholes shall be greater than 15 inches in diameter. Rectangular
or oval manholes shall be greater than 10 by 16 inches. All
openings, which may be used during the normal course of operation,
shall be designed to remain oil tight after re-assembly.

The transformer base shall be designed to provide natural draft
ventilation under the transformer tank when the transformer is
placed on a flat concrete foundation. The bottom of the
transformer tank shall be undercoated with a heavy rubberized,
asbestos-free, protective sealant a minimum of 1/32 inches thick.

The transformer shall be provided with an o0il preservation system.
The Contractor may chose an automatic gas control system or a
conservator type system. Requirements for each type of system are
provided below.

The automatic gas control system shall consist of a NEMA 3R
enclosure with one nitrogen gas cylinder, regulator(s), relief
valve, alarm and trip pressure switches, supply and isolation
valves, and all accessories. A magnetic o0il level gauge and rate
of rise pressure switch with calibrated alarm and trip contacts
shall be included.

The conservator type system shall consist of an adequately sized
0il conservator tank, constructed of mild steel, mounted on top of
the transformer at a height sufficient to maintain the design
pressure head on the transformer tank and its components. An oil
resistant, nylon reinforced bladder shall keep the o0il from direct
contact with the atmosphere. The conservator shall be vented
through a silica-gel breather such that the air side of the
bladder is kept moisture free. The breather shall have a visual
indicator to show the relative moisture contained in the silica
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gel. The conservator tank shall be equipped with fill, drain, and
sample valves. A Buchholtz relay shall be included and calibrated
to signal an internal fault and activate the alarm contacts on low
insulating fluid. A slow gas build up shall also activate the
alarm contact. The relay shall instantaneously activate the trip
contact when subjected to a high level fault which causes a high
gas flow. The device shall allow for sampling of the suspect gas
for further analysis.

The transformer tank shall be designed to withstand an internal
pressure of 10 psig and an internal vacuum of 10 microns.

The tank shall include the following accessories.

a. A globe type combination drain and lower filter wvalve (2 inch
NPT) with sampling device. The drain valve and the oil
sampling valve (3/8 inch NPT) shall be located to allow
draining and/or sampling from the bottom surface of the tank.

b. A dial type winding temperature indicator with sequential relay
contacts.

c. A dial type o0il thermometer with sequential relay contacts and
a 4-20 mA output for a remote readout device.

d. A pressure-vacuum gauge with alarm contacts.
e. A pressure-vacuum bleeder wvalve
f. A globe type upper filter wvalve (1 inch NPT)

g. A cover-mounted, automatic resealing and resetting, mechanical
relief device with discharge pointing downward. The relief
device shall incorporate electrical contacts and mechanical
indication of operation.

Dial or needle type gauges and valves associated with like
processes shall be grouped together on the low voltage side of the
transformer for easy accessibility and maintenance. All gauges
over 96 inches from ground level shall have their faces tilted
down at an angle of 30 degrees from vertical. Wells for
thermometer sensors and liquid level gauge floats shall be outside
the main tank.

3.4.3.4 Core: The core shall be built up with laminated, non-
aging, high-permeability, grain-oriented, cold-rolled, silicon
sheet steel. Laminations shall be coated with an insulating film
or finish to minimize eddy current losses. Sheet steel shall
conform to ASTM 345.

The core(s) shall be grounded to the tanks through a detachable
connector and ground lead.
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3.4.3.5 Bushings: Primary and secondary windings of the
transformer shall be terminated in cover mounted, copper
constructed bushings. The insulation class of the bushings shall
be the same as the insulation class of the windings to which they
are connected. The neutral secondary bushing shall be located on
the transformer cover. The dimensions of transformer bushings
shall be in accordance with IEEE 21. Bushings shall be provided
with ligquid level indication and provisions for power factor
testing.

3.4.3.6 Current Transformers: Current transformers on primary
and secondary bushings, not including current transformers for
winding temperature indication, shall be as follows:

a. Two, multi-ratio current transformers sized appropriately by
the Contractor with accuracy of Class 400 minimum shall be
installed on each primary line bushing.

b. Two, multi-ratio current transformers sized appropriately by
the Contractor with accuracy of Class 400 minimum shall be
installed on each secondary line bushing.

3.4.3.7 Oil: The transformer shall be provided with Type II
mineral insulating oil conforming to ASTM D3487, Table 1, with
inhibitor. Dielectric strength of transformer oils, when shipped
shall be not less than 28 kV when measured in accordance with ASTM
D117

Askarel and insulation liquids containing polychlorinated
biphenyls (PCB) shall not be used.

The Contractor shall fill the transformer with oil at the site
using as high a vacuum as possible in accordance with IEEE
C57.12.00.

3.4.3.8 Surge Arrestors: One station valve type surge arrestor
shall be connected to each primary bushing of the transformer.
The design, fabrication, testing, and performance of arrestors
shall comply with IEEE C62.1, NEMA LA 1, IEEE C57.12.00 and as
specified herein.

The voltage rating of arrestors shall be selected to meet the
maximum line to line voltage of the system. The system neutral,
whether grounded, ungrounded, or resistor grounded for all
possible conditions of operation, shall be considered when
selecting arrestors.

Nonferrous hardware shall be used with wet-process, high strength
porcelain housings to provide completely sealed assemblies.
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Arrestors shall be the single phase, single pole, self supporting
type, designed for pedestal, platform, or bracket mounting.

Mounting hardware shall be supplied with each arrestor. Arrestors
shall be installed and connected as part of the transformer
auxiliary apparatus. Arrestors shall be directly grounded to the
ground pads located on either side of the tank.

3.4.3.9 Tap Changer: The transformer shall be equipped with a
primary, manual, no-load tap changer. The primary winding shall
be designed and equipped with four 2.5 percent full capacity taps,
two above and two below the nominal voltage of 6,600 Volts,
brought out to an externally operated manual tap changer. The tap
changer handle shall be capable of being padlocked in each tap
position and shall only be operable when the transformer is de-
energized.

3.4.3.10 Differential Relay Protection: A differential current
relay shall be provided to detect a percentage current
differential across the transformer. The relay shall consist of a
percentage differential unit with harmonic restraint, indicating
contact switch, and instantaneous trip. Relays shall be designed
for operation on a 125 VDC control circuit.

The case shall be semi-flush mounted to the hinged instrument
panel of a local relay panel or the transformer control panel.

3.4.3.11 Lock-out Relay Device: A lock-out relay shall be
provided and shall be a hand-reset, high speed type for use with
the differential relays, transformer level, and temperature
devices to protect the transformer. The relay shall be configured
to trip the transformer primary circuit if any of the transformer
protection devices are activated.

The relay shall be furnished with at least ten (10) electrically
separate form C contacts, and two (2) normally closed contacts
pre-wired for opening the operating coil.

The relay shall be designed to operate on a 125 VDC control
circuit. Relay contacts shall be rated for 10 ampere continuous
duty at 125 vDC /120 VAC, and 50 ampere for 1 minute duty. Relay
trip time shall be less than 15 milliseconds.

3.4.3.12 Cooling: The transformer shall be designed for
continuous self-cooled or fan-cooled operation (OA or OA/FA). The
average winding temperature rise over ambient as measured by
resistance shall not exceed 65 degrees C for continuous operation,
with 40 degrees C ambient.

The cooling equipment shall include a thermally operated control

device, manually operated bypass switch, motor driven fans,
electrical conduit and wiring interconnections.
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Thermally operated control shall consist of a hot spot temperature
sensing relay with the thermal element mounted in a well and a
bushing type current transformer. Energy from the current
transformer shall be added to the highest o0il temperature of the
transformer to indicate the simulated hot spot condition in one
phase of the transformer winding. The well shall conform to the
requirements of IEEE C57.12.00 and C57.12.1.

A cooling system control scheme shall be provided to regulate fan
operation, activate an alarm, and trip the transformer primary
circuit. The control system shall utilize a multi-stage thermally
operated relay. The contacts of the thermal relay shall be rated
for 125 VDC. The control scheme shall include set-points to
initiate the following actions depending upon cooling method.

a. 1st Set-point: Energize the alarm contact of the thermal
relay (OA) or energize the cooling fans (OA/FA).

b. 2nd Set-point: Trip the transformer primary circuit (OA) or
energize the alarm contact of the thermal relay (OA/FA)

C. 3rd Set-point: Trip the transformer primary circuit (OA/FA)

The Contractor shall determine the applicable temperature for each
set-point. If the Contractor requires set-points other than those
listed above for proper operation of the transformer, the set-
points shall be submitted, prior to calibration and test, for
Review by the Contracting Officer.

Fan motors shall be 460 volt, three phase, and shall be supplied
with starters incorporating thermal overload protection. Normal
operation of the fan motors shall be with the thermally operated
control system.

3.4.3.13 Transformer Control Panel: The transformer controls
shall be in a NEMA 4X enclosure located on the side of the
transformer at an enclosure height not greater than 72 inches
above the concrete foundation. The Control Panel shall include
cooling controls, fan starters, pressure and temperature
indicators, alarm devices, current transformers, strip heater with
thermostat, a 120 VAC light and receptacle, and other associated
components. Power distribution and circuit breakers shall be
provided for all accessories.

Included on the control panel shall be a manually operated bypass
switch for fan operation and shall be connected in parallel with
the automatic fan control contacts. The manual switch shall
discretely and sequentially activate all fan sequences as outlined
in the cooling system control requirements.
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3.4.3.14 Enclosures: Enclosures shall be as required by NEMA for
specific locations. Metallic materials shall be protected from
corrosion. Equipment enclosures shall have the standard finish by
the manufacturer. Aluminum shall not be used in contact with
earth; and where connected to dissimilar metal, shall be protected
by approved fittings and treatment. Ferrous metals such as
structural steel, anchors, bolts, braces, boxes, washers and
miscellaneous parts not of corrosion resistant steel shall be hot-
dipped galvanized after fabrication, except where other equivalent
protective treatment is specifically approved in writing.

3.4.3.15 Lifting and Moving Provisions: As a minimum, the
transformer shall have the following built-in provisions for
lifting and moving.

a. Lifting eyes or hooks for the cover and tank.
b. Lifting lugs for lifting complete transformer.
C. Base designed for rolling and provision for pulling in

direction of rectangular base centerlines.
d. Jacking points at all corners of the transformer base.

3.4.3.16 Paint: Interior and exterior surfaces of all equipment
shall be thoroughly cleaned by sandblasting, pickling/rinsing,
etching, or other means as Approved by the Contracting Officer.
Surfaces shall then receive, in a timely manner, a rust-inhibitive
phosphatizing or equal treatment. All outside surfaces shall be
primed, filled where necessary, and receive a minimum of two coats
of exterior paint. The transformer, all associated cabinets, and
hardware shall be painted light gray, FS 595, #16473.

3.4.4 FACTORY INSPECTIONS AND TESTS

As a minimum, factory tests of the input isolation transformer
shall include:

a. All applicable routine tests as identified by IEEE C57.18.10.
As a minimum, these tests shall include resistance
measurements of all windings, insulation resistance, applied
potential, ratio tests, polarity test, phase relation test,
no load losses at rated voltage, impedance voltage and load
loss at rated current, and dielectric tests

b. Sample and test o0il in accordance with ASTM D3487
c. Test instrument transformers in accordance with IEEE C57.13
d. Simulate and verify operation of all cooling system modes,

interlocks, and alarms
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e. Calibration of all instrumentation

f. Verify functioning of all cooling fans, control circuits and
instrumentation

3.5 HARMONIC FILTER
3.5.1 SCOPE

The Contractor shall design, furnish, install, and test a Filter
Network for the Power Supply system. The filter network shall
provide power factor correction and harmonic filtering as required
by the Power Supply system.

3.5.2 PERFORMANCE REQUIREMENTS

The filter network shall meet or exceed the performance
requirements described in this section.

3.5.2.1 Filter Network Rating: The filter network shall have
sufficient rating to meet all requirements of this Specification.
The filter ra